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In this work we investigate the effects of the ghost sector on the dynamical mass generation for
the gauge boson of a pure Yang-Mills theory. The generation of a dynamical mass for the gluon is
realized by the Schwinger mechanism, which is triggered by the existence of longitudinally coupled
massless poles in the fundamental vertices of the theory. The appearance of such poles occurs by
purely dynamical reasons and is governed by a set of Bethe-Salpeter equations. In previous studies,
only the presence of massless poles in the background-gauge three-gluon vertex was considered.
Here, we include the possibility for such poles to appear also in the corresponding ghost-gluon
vertex. Then, we solve the resulting Bethe-Salpeter system, which reveals that the contribution
associated with the poles of the ghost-gluon vertex is suppressed with respect to those originating
from the three-gluon vertex.
I. INTRODUCTION
In the last decade, the nonperturbative generation of
a dynamical gluon mass has attracted notable atten-
tion [1–3]. In particular, lattice results reveal that the
gluon propagator, as well as the ghost dressing func-
tion, remain finite in the infrared region of QCD [4–11],
which has been interpreted as a consequence of an effec-
tive gluon mass [12–17].
In this work, we use a synthesis of the Background
Field Method and the Pinch Technique formalisms,
known in the literature as PT-BFM [13, 14, 18–20], to
study the phenomenon of a dynamical mass generation
for the gluon.
In this scheme, the gluon fields (Aaµ) are described as
the sum of a quantum (Qaµ) and a background (B
a
µ) part.
The quantum part (Q) behaves as the conventional QCD
gluon, while the background (B) behaves as an Abelian
field. This separation introduces mixed Green’s func-
tions, describing combinations of B and Q fields. For in-
stance, we have three types of gluon propagators: (i) the
conventional (Q2) propagator, ∆µν(q), formed by con-
traction of two Q gluons, (ii) the quantum-background
(QB) propagator, ∆˜µν(q), with one Q and one B gluon,
and (iii) the background (B2) propagator, ∆̂µν(q) with
two B-type gluons.
In order to obtain a massive solution for the gluon
propagator, ∆µν(q), without breaking the gauge sym-
metry of the theory, we need to invoke the well-
known Schwinger mechanism [21, 22]. Within the
PT-BFM scheme, the Schwinger mechanism is inte-
grated to the gluon propagator Schwinger-Dyson equa-
tion (SDE) through its vertices, which must contain lon-
gitudinally dynamical massless poles of the generic form
qµ/q2C˜(q, r, p) [13, 14, 23, 24].
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In QCD the appearance of these poles can occur
by purely dynamical reasons, where the formation of
the (colored) massless bound states requires sufficiently
strong binding couplings [25–27].
Recently, an approximated description for the forma-
tion of such massless poles in the structure of the three-
gluon vertex composed of one background gluon and two
quantum gluons (BQ2) was obtained [15]. In this approx-
imation, only the one-loop dressed gluonic diagram was
considered in the Bethe-Salpeter equation (BSE) which
controls the dynamics of the three-gluon vertex. In this
presentation, we will include the contribution of poles in
the ghost-gluon vertex with a background gluon (Bcc¯) as
well, in order to investigate the effects of the ghost sector
in gluon mass dynamics [24].
II. GLUON MASS AND VERTICES WITH
MASSLESS POLES
In the Landau gauge, we can write the (Q2) gluon
propagator as
∆µν(q) = −i∆(q2)Pµν(q); Pµν(q) = gµν − qµqν
q2
, (2.1)
where ∆(q2) represents the scalar part of the gluon prop-
agator and obeys ∆−1(q2) = q2 + iΠ(q2), with Π(q2)
being the scalar form factor of the gluon self-energy
Πµν(q) = Pµν(q)Π(q
2). Additionally, the ghost propa-
gator is given by D(q2) = iF (q2)/q2, where F (q2) is the
so-called ghost dressing function.
Within the PT-BFM framework, the SDE for the gluon
propagator is expressed in terms of the special QB gluon
self-energy Π˜µν(q), so that
∆−1(q2)Pµν(q) =
q2Pµν(q) + iΠ˜µν(q)
1 +G(q2)
, (2.2)
where G(q2) is the“ghost-gluon mixing self-energy”,
which plays a key role in the pinch-technique [14, 28, 29].
In addition, in the Landau gauge, it coincides with the
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2FIG. 1. Three-gluon vertex (BQ2) divided into one part that
does not contain pole in q2 and another that does. Analogous
decomposition holds for the ghost-gluon vertex (Bcc¯).
inverse of the ghost dressing function at zero momentum
i.e. 1 +G(0) = F−1(0) [30]. The advantage of express-
ing such SDE in terms of Π˜µν(q), instead of the conven-
tional self-energy Πµν(q), is that, in doing so, each vertex,
when contracted with the momentum carried by B-gluon,
will satisfy an Abelian-like Slavnov-Taylor identity (STI).
Specifically, the BQ2 vertex, Γ˜µαβ , and the Bcc¯ vertex,
Γ˜µ, obey (color omitted and all momenta entering)
qµΓ˜µαβ(q, r, p) = i∆
−1
αβ(r)− i∆−1αβ(p),
qµΓ˜µ(q, r, p) = iD
−1(r2)− iD−1(p2). (2.3)
Assuming there are no massless poles in these vertices,
we can use the Taylor expansion of both sides of the
equations above, in order to generate the corresponding
Ward-Takahashi identities (WTIs) which is valid in the
limit of q → 0
Γ˜µαβ(0, r,−r) = −i ∂
∂rµ
∆−1αβ(r),
Γ˜µ(0, r,−r) = −i ∂
∂rµ
D−1(r2). (2.4)
Recently, it was demonstrated that, if the PT-BFM
vertices with a B leg of momentum q do not contain
massless poles of the type 1/q2, then the inverse gluon
propagator ∆−1(q2), given in Eq. (2.2), is rigorously zero,
so that, the gluon remains massless [17]. The demon-
stration benefits from an integral relation, valid in di-
mensional regularization, known as the “seagull iden-
tity” [17]. Then, it is possible to show that, in the absence
of 1/q2 poles1
∆−1(0) =
∫
k
∂
∂kµ
Fµ(k) = 0︸ ︷︷ ︸
seagull identity
, (2.5)
where Fµ(k) = kµF(k2), with F(k2) being an arbi-
trary scalar function, which vanishes rapidly enough as
k2 →∞ [17].
1 We have introduced the compact notation where∫
k ≡ µ/(2pi)d
∫
ddk, with d = 4 −  the space-time dimen-
sion, and µ the ’t Hooft mass scale.
The cancellation of Eq. (2.5) can be evaded by intro-
ducing longitudinally coupled 1/q2 poles to the PT-BFM
vertices cited above. For example, in Fig. 1, we illustrate
the division of the three-gluon BQ2 vertex into one part
that does not contain pole in q2 (yellow) and another that
does (green). Similar decomposition holds for the ghost-
gluon vertex, Bcc¯. As we will see in what follows, such
inclusion triggers the Schwinger mechanism, allowing the
generation of a gauge boson mass.
In this presentation, we will consider the possibility of
poles for both BQ2 and Bcc¯ vertices, then one has
Γ˜µαβ(q, r, p) = Γ˜
np
µαβ(q, r, p) + i
qµ
q2
C˜αβ(q, r, p),
Γ˜µ(q, r, p) = Γ˜
np
µ (q, r, p) + i
qµ
q2
C˜gh(q, r, p), (2.6)
where the superscript “np” stands for “no-pole” and C˜αβ
and C˜gh are the bound-state gluon-gluon and gluon-ghost
wave functions, respectively. Then, to keep the symmetry
of the theory intact, we require that the STIs of (2.3)
preserve their form when including the poles, thus
qµΓ˜npµαβ + C˜αβ = i∆
−1
αβ(r)− i∆−1αβ(p),
qµΓ˜npµ + C˜gh = iD
−1(r2)− iD−1(p2). (2.7)
where the vertices and the bound state wave functions
are functions of (q, r, p). We can now take the limit as
q → 0, so that the zeroth order terms in q yields
C˜αβ(0, r,−r) = 0; C˜gh(0, r,−r) = 0, (2.8)
while the terms linear in q provide a new set of WTIs,
Γ˜npµαβ = −i
∂
∂rµ
∆−1αβ(r)−
{
∂
∂qµ
C˜αβ(q, r,−r − q)
}
q=0
,
Γ˜npµ = −i
∂
∂rµ
D−1(r2)−
{
∂
∂qµ
C˜gh(q, r,−r − q)
}
q=0
.
(2.9)
The first terms on the r.h.s. of Eq. (2.9) lead to a re-
sult in the form of Eq. (2.5), so their contributions van-
ish. However, the second terms survive, from which we
obtain [24].
∆−1(0) = λ
∫
k
k2∆2(k2)
[
1− 3
2
g2CAY (k
2)
]
C˜ ′gl(k
2)
− λ
3
∫
k
k2D2(k2)C˜ ′gh(k
2) , (2.10)
where λ = 3g2CAF (0)/2 with CA being the Casimir
eigenvalue of the adjoint representation and C˜gl is the
form factor of the metric tensor gαβ in the tensorial de-
composition of C˜αβ . Additionally, we defined
C ′i(k
2) = lim
q→0
{
∂C˜i(q, k,−k − q)
∂(k + q)2
}
, i = gl, gh. (2.11)
3From Eq. (2.10), we notice that, in order for ∆−1(0)
to acquire a nonvanishing value, we need at least one of
C˜ ′gl and C˜
′
gh do not vanish identically. In addition, it is
possible to establish a link between C˜ ′gl and a running
gluon mass through [24]
m2(q2) = ∆−1(0) +
∫ q2
0
dy C˜ ′gl(y) . (2.12)
III. DYNAMICS OF MASSLESS POLE
FORMATION
From the SDEs satisfied by the BQ2 and Bcc¯ vertices
in the limit q → 0, one can derive a system of integral
equations that governs the behavior of C˜ ′gl and C˜
′
gh as
shown in the Fig. 2. From Eq. (2.8), we know that the
zeroth order terms vanish. Thus, the derivative terms
will give the leading contributions. To proceed further
with the derivation, we approximate the four-point ker-
nels Ki, appearing in the diagrams of the Fig. 2. to their
lowest-order set of diagrams. In doing that we arrive at
the following coupled system of equations [24]
FIG. 2. Coupled system of BSEs for the functions C˜µν (top)
and C˜gh (bottom).
C˜ ′gl(q
2) =
8pi
3
αsCA
[∫
k
C˜ ′gl(k
2)∆2(k)∆(k + q)N1(k, q) + 1
4
∫
k
C˜ ′gh(k
2)D2(k)D(k + q)N2(k, q)
]
,
C˜ ′gh(q
2) = 2piαsCA
[∫
k
C˜ ′gl(k
2)∆2(k)D(k + q)N3(k, q) + 1
2
∫
k
C˜ ′gh(k
2)D2(k)∆(k + q)N4(k, q)
]
, (3.1)
with
N1(k, q) = (q ·k)[q
2k2 − (q ·k)2]
q4k2(k + q)2
f2gl(k + q)
× [8q2k2 + 6(q ·k)(q2 + k2) + 3(q4 + k4) + (q ·k)2] ,
N2(k, q) = (q ·k)[q
2k2 − (q ·k)2]
q4
f2gh(k + q),
N3(k, q) = (q ·k)[q
2k2 − (q ·k)2]
q2k2
f2gh(k + q),
N4(k, q) = (q ·k)[q
2k2 − (q ·k)2]
q2(k + q)2
f2gh(k + q), (3.2)
where the fgl(r) and fgh(r) are Ansa¨tze employed for the
three-gluon and ghost-gluon vertices. More specifically,
Γµαβ(q, r, p) = fgl(r)Γ
(0)
µαβ(q, r, p),
Γµ(q, r, p) = fgh(r)Γ
(0)
µ (q, r, p), (3.3)
where Γ(0) is the tree-level expression for the vertices.
It is interesting to notice that, when we take the limit of
q → 0 in the Eq. (3.1), C˜gl(0) saturates to a constant [31],
whereas the structure of the N3 and N4 kernels implies
that C˜gh(0) = 0.
IV. NUMERICAL ANALYSIS
To solve the BSE system given by Eq. (3.1), we have to
specify the following four external functions: ∆(q), F (q),
and the form factors fgl(q) and fgh(q). For the propaga-
tors, we use fits for the SU(3) lattice data of the Ref. [8],
whereas for the form factors, we employ their expected
nonperturbative behavior, in the symmetric configura-
tion, derived either in the lattice or SDE analysis [31–34].
Using the quantities specified above, we have solved
the coupled system of BSEs (3.1). In the left panel of
the Fig. 3, we show the normalized solution for C˜ ′gl(q
2)
and C˜ ′gh(q
2) obtained for αs = 0.43. In the right panel,
the blue continuous line represents the resulting gluon
mass obtained with Eq. (2.12), while the gray dashed
curve is the same quantity obtained in the absence of the
ghost poles, i.e. we set in the Eq (3.1) C˜ ′gh(q
2) = 0 [31].
From Fig. 3, clearly we notice that the presence of ghosts
implies a faster running of the gluon mass. Additionally,
one can see that the gluon mass, shown in the right panel
of Fig. 3, can be fitted using the following power-law
behavior [35]
m2(q2) = m2(0)/[1 + (q2/m21)
1+p], (4.1)
where m1 = 0.37 GeV and p = 0.24 (blue continuous) as
opposed to m1 = 0.36 GeV and p = 0.1, which represents
the case where the effects of the ghosts were neglected
(gray dashed).
V. CONCLUSIONS
Within the PT-BFM scheme, we derived the BSE sys-
tem which describes the dynamics of massless poles for-
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FIG. 3. Normalized gluon and ghost solutions C˜′gl(q
2) and C˜′gh(q
2) of the BSE system given by Eqs (3.1). Dynamical gluon
mass obtained in this study, compared to the one attained in the absence of ghosts.
mation in the BQ2 and Bcc¯ vertices. By solving this
system, we were able to obtain non-trivial solutions for
both C˜ ′gl(q
2) and C˜ ′gh(q
2), which indicates that the dy-
namics of QCD is indeed strong enough to generate such
poles.
Then, from the numerical results, we conclude that the
contribution associated with the pole of the gluon-ghost
vertex is suppressed when compared to that coming from
the three-gluon vertex. The main effect of the presence
of ghosts was observed to be a slight modification in the
running of the gluon mass.
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